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EXECUTIVE SUMMARY
California led the United States by passing the first global warming legislation (AB32: The
Global Warming Solutions Act). California is now tasked with reducing greenhouse gas
(GHG) emissions to 1990 levels by 2020 and 80% below 1990 levels by 2050. Senate
Bill 375 (SB375), commonly known as “California’s anti-sprawl bill’,“mandates regional
GHG targets linked to land use and transportation plans (called Sustainable Community
Strategies or SCSs). Thus, SB375 acknowledges the view that GHG reductions from the
transportation sector can only be met by changing the way communities grow, switching
from low-density auto-oriented development to compact transit-oriented development.
Although SB375 requires regions to develop SCSs to meet GHG goals, it does not
require local governments to adopt general plans that are consistent with the land use
plans included in SCSs. Instead, SB375 strengthens and places emphasis on a “bottom
up” public participation process to enable the development of and support for land use
and transportation plans that, not only meet the GHG goals, but also enable communities
to meet goals related to affordable access to housing and economic opportunities. The
bill also relies on incentives for implementation that include transportation funding and
streamlining the California Environmental Quality Act.
This study was conducted to understand what the economic and equity consequences
might be to jurisdictions that do and do not implement SCS land use plans in a region. An
understanding of these consequences may provide insight into jurisdictions’ motivations
for complying or not complying and, thus, strategies to improve jurisdictions’ compliance.
Using the Sacramento region (California, U.S.) as a case study, the 2035 build form (or
floorspace) from the region’s land use and transportation visioning plan (the Preferred
Blueprint Plan or PRB, which is treated as a straw SCS for the purposes of this study)
and the business-as-usual scenario were input into the activity allocation module of the
Sacramento spatial economic model (PECAS) along with the modal travel time and cost
inputs from the Sacramento activity-based travel model (SACSIM).
The activity allocation module in PECAS allocates housing and employment activities into
available built space based on prices for space and for every other commodity in each land
use zone, including the transportation costs. The zonal activities then generate quantities
of commodity flows between zones that are also influenced by transportation costs. Since
the activity allocation model is based on the application of nested and additive logit theory,
it represents the full composite utility (the economic benefit or consumer surplus in the case
of household activities) of all the choices of where to locate, the quantity of interactions
to undertake, and the transportation costs, prices, and opportunities for each of these
interactions.
The application of the activity allocation model in PECAS enabled the simulation
of the effects of non-conformity by a single jurisdiction with the regional land use and
transportation vision (PRB/SCS) on the average cost of living for and economic benefit
(or consumer surplus) to an average household (total and by income class) by geographic
location (jurisdictions, groups of jurisdictions, and region). Four scenarios were constructed
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in which the effect of a jurisdiction’s non-conformity resulted in different combinations of
centralization or decentralization of employment and housing in the region.
Table 1 below summarizes the overall region performance of the four scenarios. In this
table, the cost of living includes housing and transportation costs; consumer surplus is the
average total economic benefit for a household in the region (as described above); location
equity identifies types of locations in the region where average consumer surplus declines;
and income equity identifies household income groups that experience disproportionate
losses as a share of income.
Table 1.

Summary of Regional Performance
Employment
Measures

Centralize

Centralize

Decentralize

Lincoln

El Dorado

Cost of Living

↓

~=

Consumer Surplus

↑

↓

↓↓ (non-conforming)

↓ (non-conforming)

↑

↓↓

Yuba

Sacramento City

Cost of Living

↑

↑↑

Consumer Surplus

↓

↓↓

↓↓ (conforming)

~=

↓

↓↓

Locational Equity
Income Equity

Housing

Decentralize

Locational Equity
Income Equity
Note: ↓ decline, ↑ increase, ~= approximately equal

As illustrated in the table 1, in the Lincoln scenario, non-compliance contributes to
centralization of housing and employment and increases economic benefits for the
average household in all jurisdictions in the region. However, residents in more centrally
located or urban jurisdictions benefit relatively more than outlying or rural jurisdictions due
to geographical disparities in transportation costs. In rural areas, these disparities may
have negative economic consequences for lower income residents because transportation
costs compose a more significant share of their budget relative to higher income groups.
In the remaining three scenarios in which employment and/or households decentralize,
the cost of living largely increases and consumer surplus decreases for the average
regional household. In the Sacramento City scenario, where non-conformity contributes
to decentralized housing and employment, average economic losses appear to be
distributed, relatively evenly on average, across jurisdictions. However, as a share of

Mineta Tra n s p o rt a t io n I n s t it u t e

Executive Summary

3

household income, residents in the highest income group appear to experience losses
that are relatively smaller than the lower income groups.
In the Yuba scenario, where housing decentralizes and employment centralizes, economic
losses are an order-of-magnitude lower in Yuba than in conforming jurisdictions. Households
in the highest income group in Yuba actually benefit by trading higher transportation costs
for lower-cost luxury homes.
In contrast, in the El Dorado scenario, where employment decentralizes and housing
centralizes, the non-conforming jurisdiction experiences economic losses due to high
housing rents and transportation costs while the conforming jurisdictions benefit when
increased transportation costs are offset by reduced rents (due to the greater housing
supply).
The economic and equity consequences of an individual jurisdiction’s failure to comply
with the PRB/SCS, as simulated by the PECAS spatial economic model in the Sacramento
region, provides deeper insight into the potential pitfalls, and thus suggests strategies for
more effective implementation of SB375.
1. In the development of SCSs that increase the centralization of activities in a
region, care should be taken to understand the particular transportation needs of
rural and low-income residents. If plausible inequities are identified, then creative
policy instruments should be developed to redress these inequities, without further
encouraging decentralizing.
2. The potential risk of economic losses to communities that continue business-asusual development patterns, as illustrated in the scenarios in which employment
and/or household decentralized, should be explicitly addressed in the development
and communication of SCSs. These include higher costs for business operations,
which may diminish regions’ ability to compete economically with other regions both
nationally and internationally.
3. The possibility that non-conforming jurisdictions may benefit at the expense of other
jurisdictions and the overall regional economy, as the Yuba scenario illustrated,
suggests that the distribution of jurisdictional benefits should be explicitly examined
and addressed in the development of SCSs.
4. The actual implementation of SB375 by local jurisdictions should be carefully
monitored. If non-conformity becomes a significant problem, then the legislature
should consider amending SB375 to include strong sanctions for non-compliance.
The study begins with background on the regional land use and transportation planning in
the Sacramento region. Next, the relevant modeling literature is reviewed. The methods
of analysis are then described including the application of the PECAS spatial economic
model. This is followed by a discussion of the simulated scenarios and their results. Finally,
conclusions are drawn from the results of the study.
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I. BACKGROUND
SACRAMENTO REGION
In its 2004 “Blueprint Project,” the Sacramento Area Council of Governments (SACOG)
established the basic participatory planning process that was later codified by SB375. This
public participation planning process resulted in the creation of a common land use and
transportation vision for the Sacramento region. A total of over 5,000 residents contributed
to the effort to develop a plan to cope with an estimated doubling of the regional population
by 2050 and the increasing air pollution that would result from current land-use patterns,
transportation funding levels, and transportation investment priorities.
The outcome of this effort, the Preferred Blueprint (PRB), articulated levels and locations
of redevelopment and new transit-oriented development linked to a list of preferred
transportation projects. This was contrasted with the Business-As-Usual (BAU) plan that
continued past land use and transportation trends, and lead to a larger area of urban coverage
and lower densities of urban development relative to the PRB. The U.S. Environmental
Protection Agency (EPA) permitted SACOG to use land use and transportation components
of the PRB plan in their official regional transportation plan alternative and the BAU in their
no-build scenario as part of their air quality conformity process.
Currently there are approximately one million jobs and 800,000 housing units in the
Sacramento region. This is forecasted to grow by an additional 535,000 jobs and 433,000
housing units by 2050. The location and intensity of household and employment location
is illustrated in figure 1 for both the BAU and the PRB scenarios. In the BAU scenario,
transportation investments continue to focus on highway expansion and land development
persists in low-density, auto-dependent patterns. In the PRB scenario, transportation
investment emphasizes improvement in transit, sidewalks, and bike lanes over highway
expansion. Significant housing development is located near existing employment centers
near downtown Sacramento, Rancho Cordova, and Roseville to improve the overall jobs to
housing balance and concentrate growth near high quality transit service. As documented
in figure 2, there is a relatively large increase in multi-family dwelling units (10.9%) and
decrease in luxury single-family dwelling units (6.3%); however, total single-family dwelling
units decline by only 1.9%. The PRB scenario assumes that local jurisdictions honor their
Blueprint Plan commitments through local land use controls.
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Figure 1. Household and Employment Location in the BAU and the PRB Scenario
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Figure 2. Percent Change in Dwelling Units by Type Between the BAU and the PRB
Note: SFD=single family dwelling units; MFD=multi family dwelling units

LITERATURE REVIEW
A number of U.S. studies use either aggregate travel demand models and, more recently,
disaggregate activity-based travel models for regions and/or cities to examine the economic
and equity effects of transportation and land use policies on the travel time and cost of
travel for population segments by available modes, origin and destination locations, and
trip purposes. Several studies use an aggregate travel demand model for the Sacramento
region to measures total consumer welfare and consumer welfare by household income
classes for transit, land use, and pricing scenarios1 and in the Washington, DC area for
gas tax policy scenarios.2 Activity-based models can calculate the distribution of travel time
and cost effects across a broader range of household and individual socio-demographic
characteristics. Deakin and Harvey3 develop an early activity-based model (STEP) that
is used to evaluate the distributional effects of auto pricing policies in the major regions
of California. More recent versions of the STEP model are applied in equity studies in
Baltimore, Maryland and Las Vegas.4 Most recently, the San Francisco activity-based
travel model is used to evaluate the distribution of travel time savings from a proposed
transportation plan among specific communities of concern.6
Other studies use aggregate land use and transportation models, which allow a partial
representation of the spatial economy and an aggregate treatment of space use and
development, to simulate the economic and equity effects of land use and transportation
policies. Through linkages with a travel model, these models can represent the effect
of changes in the transportation system on the allocation of activities and development
in the built environment, which can then influence travel behavior. Economic and equity
measures from these models typically include the travel time and cost effects of policies as
do those from travel models. However, the travel time and cost effects are more inclusive
in these studies because they include the trade-off between location decisions and travel
Min e ta Tra n s p o rt a t io n I n s t it u t e
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time and cost. In the U.S., such studies use the MEPLAN framework in Sacramento6
and the LUSTRE model in Washington, DC.7 Internationally, such models are used for
analyses in regions and cities in the United Kingdom8 and in Europe.9
Both activity-based models and aggregate land use models can be used to calculate
the distributions of travel time and cost impacts. But calculating the distributions of
wider impacts on the economy—including wages, rents, productivity and/or changes in
consumer and producer surplus—require models that include explicit representation the
transportation system and the rest of the spatial economic system.10 The integration of
activity-based models and recent generations of land use models, such as PECAS, allow
analysts to answer a broader range of questions about the economic and equity effects of
transportation and land use plans and policies. These include demand for goods, services,
labor, and space; cost of producing and purchasing goods and services; industry and
labor transportation costs; wages by employment type; rents and values for housing and
employment space by type; and consumer (household by household income class) and
producer surplus measures.
In a previous study for the Mineta Transportation Institute,11 the wider range of economic
and equity measures available from such a spatial economic model is illustrated through
the partial implementation of the Sacramento PECAS model. The 2035 land uses for the
PRB and BAU scenarios generated from the Blueprint visioning process were input into
the activity allocation module of the PECAS model along with network travel time and cost
inputs generated from the Sacramento activity-based travel model (SACSIM) for each
scenario. The current study expands the application of the Sacramento PECAS model and
the PRB and BAU scenarios to consider the possible economic and equity effects of nonconformity by an individual jurisdiction on the region as a whole and on other jurisdictions
that do conform. The authors were unable to find other published literature or reports
that included similar economic and equity measures related to localized decisions to
violate a regional land use plan. Two studies were conducted that employed the UrbanSim
model, which is an advanced microsimulation land use model that captures the behavior
of individual agents and at fine levels of geographic resolutions, to investigate localize
employment decentralization in Amsterdam, The Netherlands and Tel Aviv, Israel;12
however, the economic effects were largely confined to change in land values.
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II. METHODS OF ANALYSIS
THE PECAS MODEL OF SACRAMENTO
In this study, the activity allocation module of the PECAS model for the Sacramento
region is used to explore the distributions of impacts from the PRB scenario relative to the
BAU scenario for the year 2035. PECAS is a generalized approach for simulating spatial
economic systems. It is designed to provide a simulation of the land use component of
land use transportation interactive modeling systems.
PECAS stands for Production, Exchange, and Consumption Allocation System. Overall,
it uses an aggregate, equilibrium structure with separate flows of exchanges (including
goods, services, labor, and space) going from production to consumption based on
variable technical coefficients and market clearing with exchange prices. It provides an
integrated representation of spatially distinct markets for the full range of exchanges, with
the transportation system and the development of space represented in more detail with
specific treatments.
Flows of exchanges from production to exchange zones and from exchange zones to
consumption are allocated using nested logit models according to exchange prices and
transportation generalized costs (expressed as transportation utilities with negative signs).
These flows are converted to transportation demands that are loaded to transportation
networks in order to determine congested travel utilities. Exchange prices determined for
space types inform the calculation of changes in space attractiveness thereby simulating
developer actions. Developer actions are represented at the level of individual land parcels
or grid cells using a microsimulation treatment. The system is run for each year being
simulated, with the travel utilities and changes in space for one year influencing the flows
of exchanges in the next year.

BASIC MODEL SYSTEM MODULES
PECAS includes two basic modules that are linked together with two other basic modules
to provide a representation of the complete spatial economic system. The set of four basic
modules includes:
• Space Development module (SD module): This is one of the two PECAS modules. It
represents the actions of developers in the provision of different types of developed
space where activities can locate, including the new development, demolition, and
re-development that occurs from one point in time to the next. This developed
space is typically floorspace of various types and is called “space” in the PECAS
framework.
• Activity Allocation module (AA module): This is the other of the two PECAS modules.
It represents how activities locate within the space provided by developers and how
these activities interact with each other at a given point in time.
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• Transport Model (TR module): This is one of the “non-PECAS” modules. It
represents the transportation system connecting locations, including at a minimum
a transportation network, the transportation demands that load onto this network
(as a result of the economic interactions represented in the AA module) and the
congested times and costs for interactions between locations arising from the
loading of these demands.
• Economic Demographic Aggregate Forecasting Model (ED module): This is the
other of the “non-PECAS” modules. It is some form of model or approach used to
develop aggregate economic forecasts for the study area being modeled. Typically,
these forecasts include projected numbers of households or population by category
and employment by type (as indications of expected economic activity) for specific
points of time in the future. This model or approach may be able to adjust its forecasts
in response to information from the AA and SD modules, as is represented in the
descriptions included here, or it may provide a static set of forecasts. It may even be
the case that there is no model per se that is available, merely the forecast values for
the study area. It is also possible to use an extended form of the PECAS AA module
to develop such aggregate forecasts by making some specific assumptions about
the relative contributions to the study-area economy from inside and outside the
study area. For the descriptions included here, all of these possibilities are included
in the single “ED module” designation that is used.

The four basic modules listed above are linked together with information flows as shown
in figure 3. This linked system works through time in a series of discrete, fixed steps from
one point in time to the next, with the AA module running at each point in time and the SD
module considering the period from each point in time to the next. In general, the fixed
steps can be of any duration, but one-year time steps are recommended since they allow
an appropriately quick response of land developers in the SD module to the space prices
established in the AA module.
Ideally, the transportation model (TR module) used to calculate the congested travel times
and associated transportation utilities is run for each year, after the AA module has been
run for that year. If the overall model run time is too long and travel conditions are relatively
stable, the TR module can be run less often to save computation time.
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Figure 3. Modules and Information Flows Simulating Temporal Dynamics
The study area is organized into a set of land use zones (LUZs). In the AA module activities
locate in these zones and commodities flow between them. Ideally these zones match the
transportation zones (TAZs) used in the TR module or are aggregations of whole numbers
of adjacent TAZs. The connectivity among the LUZs is based on the representation provided
by the TR module, where the TR module establishes congested network times and costs
and associated transportation utilities that the AA module uses in its consideration of the
interactions between the LUZs in the next time period.
The land in each LUZ is further partitioned into smaller cells or parcels. The parcels can
correspond to actual legal parcels or portions of legal parcels. The cells can be formed by
superimposing a grid pattern over the land. The term “parcel” is used to refer to both cells
and parcels in the descriptions below. In the microsimulation version of the SD module,
developed space (called “space”) is located on these parcels, with only one type of space
on a given parcel, and the total quantity of each type of space in the LUZs is the sum of
the quantities on the parcels in the LUZs.
Min e ta Tra n s p o rt a t io n I n s t it u t e
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When an activity in the AA module is located in a zone, it consumes space in the zone,
at rates consistent with the production technology or technologies it is using in the zone.
Land is used in the provision of the space in the zone as an input to the development
process, as represented in the SD module.

ACTIVITY ALLOCATION MODULE
The AA module is an aggregate representation. It concerns quantities of activities, flows
of commodities and markets with aggregate demands and supplies and exchange prices.
Activities are located in LUZs. Activities produce commodities and then transportation and
sell these commodities; they also consume commodities after buying them and transporting
them. There are different types of activities, including industrial sectors, government and
households. Activity quantities can be measured in values (e.g., dollars of business repair
industrial activity) or numbers (e.g., number of households with high income and two
or less persons). The AA module allocates the study-area wide quantity of each activity
among the LUZs as part of its allocation process.
Commodities flow, at specific rates, from where they are produced to where they are
exchanged (from seller to buyer) and then flow from where they are exchanged to where
they are consumed. Commodities are grouped into categories, including different types
of goods and services, labor, and space. Commodities other than space in general flow
across zone boundaries. Space is restricted in that it is “non-transportable” and must
be exchanged and consumed in the LUZ where it is produced, which means that the
space commodity categories receive some special additional treatments in PECAS as
described further below. Commodity flows are measured in values per unit time (e.g.,
dollars of management services per year) or numbers per unit time (e.g., tons of coal
per month). The movement of these flows of commodities from where they are produced
to where they are consumed is the economic basis for travel and transportation in the
modeling system. It is the travel condition—the distances, costs, times and associated
(dis)utilities by mode—for the movement of these commodities that results in the influence
of the transportation system on the interactions among activities and the attractiveness of
locations for activities. The AA module allocates the flows of commodities from production
location LUZ to exchange location LUZ and from exchange location LUZ to consumption
location LUZ, and finds the corresponding set of prices at the exchange location LUZ that
clears all markets, as part of its allocation process.
Activities produce commodities and consume commodities in the production process
according to the technology they use. More specifically, an activity quantity in a given LUZ
produces commodities at specific rates per unit of activity and consumes commodities at
specific rates per unit of activity according to the technology being used by the activity.
One or more “technology option” alternatives are defined for a given activity. Each of these
technology options is a specific vector of production and consumption rates for different
commodities per unit of the activity, representing a particular technology option for the
production process available to the activity. The AA module allocates the quantity of the
activity in each LUZ among these “technology options” as part of its allocation process.
The allocation process in the AA module uses a three-level nested logit model with a
nesting structure as shown in figure 4.
Mineta Tra n s p o rt a t io n I n s t it u t e
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Figure 4. Three-Level Nesting Structure Used in AA Module Allocations
At the highest level of the nesting structure, the study-area total quantity of each activity is
allocated among the LUZs. At the middle level, the quantity of each activity in each LUZ is
allocated among the available technology options. At the lowest level, there are two logit
allocations for each commodity in each LUZ. The first is an allocation of the produced
quantities among the various exchange locations where they are sold to other activities.
The second is an allocation of the consumed quantities among the various exchange
locations where they are bought by other activities.
At the lowest level, the utility of each exchange location alternative is influenced by the
price at the exchange location and the characteristics for transporting the commodity to
or from the exchange location. The composite utility values from these two lowest-level
logit models are called the “buying utility” and the “selling utility” for the commodity in the
LUZs. They are used as the transport-related inputs in the middle-level for allocating the
activities in the LUZs among the relevant technology options. The composite utility value
for the range of technology options considered at the middle-level for an activity in a LUZ
is part of the location utilities used at the highest-level.
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The spatial aspects of the AA module allocation process are illustrated in figure 5. Buying
and selling allocations link through the exchange locations to establish commodity flows
from production to consumption locations in the LUZs.
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Figure 5. Buying and Selling Allocations Resulting in Commodity Flows from Production Zone to Consumption Zone via Exchange Location
The exchange locations are location-specific markets for commodities, where sellers sell
commodities to buyers. Prices are established at exchange locations so that the quantity
bought equals the quantity sold—thus the spatial allocation procedure in the AA module
assumes short-run market equilibrium in commodities.

Activity Allocation Utility Equation
Since AA is based on random utility theory, it is based on a “utility function” describing the
attractiveness of each option implied in figure 5. For one unit of activity type α∈A, where
A consists of the full set of types of activity under consideration, including households,
business establishments, and other institutions, consider the joint choice of:
• Location, l∈L, that is the home location for the unit; being residential location
for households, or establishment location for business establishments and other
institutions (the top level of figure 5);
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• Technology Option, p∈Pα, described by a set of technical coefficients:
αp = {αp1, αp2, ...αpn, ..., αpNp} and a corresponding list of commodities:
cp = {cp1,cp2,...,cpn,...,cpNp}, each cpn∈C. Each αpn describes how much of
commodity cpn is produced (or consumed, if αpn is negative) per unit of activity
α, with indices n from 1 through Np. Pα is the set of allowed Technology Option
alternatives for activity α (the middle level of figure 5); and
• Exchange location, en∈ Ec for each commodity cpn produced or consumed, being the
choice of where to purchase, sell (or otherwise exchange as is the case for unpriced
commodities) the quantity |αpn| (the bottom level of figure 5).
The utility of this joint choice is given by:

Uα

lpe1e2en

= Vlα + ε lα + V p + ε lp +

∑α

n =1N

pn

(

s pn Venl + ε enlp

)

(1)

where:

Vlα = the measurable component of utility associated with the location l and activity α

εlα

=

a
 random component of utility associated with location l and activity α

Vp = the measurable component of utility associated with the technology option p

εlp

=

α pn

= the technical coefficients associated with technology option p as described above

 random component of utility associated with the technology option p and
a
location l

s pn = s caling adjusting associated with technical coefficient αpn (non-negative and
usually 1.0)

Venl

=

t he measurable component of utility associated with exchanging the commodity cpn
associated with αpn in exchange location given location l and technology option p

εenlp

=

a random component of utility associated with exchanging the commodity

cpn at exchange location en given activity location l and technology option p.

The terms Vp and Vlα are normally established in calibration, and do not change between
years or between scenarios. Thus core policy-sensitivity of the model is in the Venl terms.
Each of the Venl terms contains three sub terms:
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• the cost of transporting commodities to or from the exchange zone,
• the prices of commodities in the exchange zone, and
• the relative size of the exchange zone.
Since prices are determined endogenously to clear the spatial markets, the dominant
policy-related inputs to AA involve transportation costs and measures of zone size (normally
quantities of space from SD), and the total quantity of each activity specified as a policy
control total to be allocated according to equation 1 and figure 5.
See Hunt and Abraham13 and Abraham and Hunt14 for complete documentation of the
theoretical formation and calibration methods of the PECAS model.

IMPLICATIONS
The intention of this study was not to forecast built-form and land use patterns, but rather
to use the AA module of PECAS to evaluate patterns of built-form. Since the AA module
is based on rigorous application of nested and additive logit theory, the top level expected
maximum utility measure (the “logsum”) at the top of figure 5 is a representation of the
full composite utility (the consumer surplus in the case of household activities) of all the
choices of where to locate, the quantity of interactions to undertake, and the transportation
costs, prices, and opportunities for each of these interactions. Equation 1 is the utility
of one particular option in the model regarding the choice of location, technology, and
exchange locations. The expected maximum utility of choosing from amongst all the
options of location, technology, and exchange location options provided by the built-form
and transportation system is calculated by the activity allocation module and is available
as an output benefit measure for each activity in the model.
For households in the Sacramento model in particular, the top level expected maximum
utility takes into account the transportation costs for all of the households’ interactions,
the relative prices for every category of good, service, labor, and housing, as well as
the willingness and ability of households to shift their location, their housing type, their
occupation, and the destination of all of their trips. Benefits of increased opportunities
are considered and weighted against transportation costs and other costs in this output
measure from PECAS: if a policy or scenario reduces opportunities at any level of figure
5, costs may be reduced (because opportunities to spend money or travel time have been
reduced), but benefits will also be reduced. Benefit calculation with transportation models
alone, or with transportation models with land use models which are less rigorously
consistent, can fail in this aspect: for instance closing down congested roads. The PECAS
model allows this type of consistent rigorous analysis using random utility theory applied
consistently to spatial choices for both supply and demand of goods, services, labor, and
space in a complex economy.
This study uses the PECAS AA module to evaluate built-form scenarios and transportation
scenarios. A transportation demand model was used to forecast transportation level of
service. The SD model was not used in this study; as a result the input to the scenario
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is not a set of policies designed to shape future built-form and land use, but rather a
specific future configuration of built-form. AA was used to allocate quantities of industry
and households into the assumed space, with AA generating prices for space in each land
use zone along with prices for every other commodity in each land use zone.

Calibration of the PECAS Activity Allocation Module
Calibration of the PECAS model has been ongoing as part of SACOG’s model improvement
program.15 However further calibration is always possible given additional data and
additional resources, especially in the case of PECAS because its scope is very deep,
covering the whole of the spatial economy.
Additional calibration efforts were performed that were specific to the benefit analysis.
Transportation cost functions, which translate travel model zone-pair travel attributes
into disutility measures for each commodity in PECAS, were refined using improved data
from the travel models, wage data by occupation, and from goods movement studies.
The commodity flow distances were calibrated to trip length information, to establish the
logit dispersion parameter in the models of buying or selling for each commodity. These
dispersion parameters control the random term in the flow allocation (they are inversely
related to the standard deviations of the ε enlp terms in equation 1). It is important to
establish these parameters before undertaking benefit analysis, because they establish
the value associated with variety in each commodity (recall that the other terms at this
level of the model reflect price, transportation cost/disutility, and zone size). In the case of
commodities with low dispersion parameters, additional opportunities for interaction are
very valuable, even if they are poorly priced or a long distance away.
The choice model of household lifestyle (the middle level of figure 5, for household activities)
was calibrated based on observed patterns of behavior from the U.S. Census Public Use
Microsample (PUMS). This established the tendency of certain types of household to use
certain types of housing and make certain types of labor, and the willingness (and/or the
ability) to shift occupation and housing depending on conditions. Dispersion parameters
for the higher level choices in figure 5 were refined with the help of the additive logit theory
in Abraham and Hunt16 which was not available when the Sacramento PECAS model was
first developed.
Other elements of the model that were further calibrated include the treatment of imports
and exports (more explicit in quantity and direction than in Abraham et al.), and the
floorspace short-term supply function (which allow large vacancy rates if space demand in
any zone is uncharacteristically low).
See Abraham et al.18 for a description of the Sacramento PECAS model, its initial calibration
and its planned ongoing calibration. It describes how the make and use coefficients (the
αpn in equation 1) were established for the various activity-commodity combinations from
economic “input-output” relationships and census data, the classification systems applied
to determine the categories of activities, commodities, and land use zones (LUZs), the
strategies for establishing both alternative specific constants for particular production
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options (p in equation 1) and location options (l in equation 1), and strategies for calibrating
the parameters controlling the size of the random components in equation 1.
Abraham et al.19 also describes the development and calibration of the SD module, which
would be used if land use policy over time were being used as an input to the model. (In
this study land use patterns were being evaluated, not land use policy.)

2035 Input Data
SACOG provided employment, household, and land inputs for the BAU and PRB scenarios
in the year 2035 that were used in their activity-based travel model (SACSIM) simulations.
Employment and household locations were not used directly by PECAS, since one of
PECAS’s functions is to allocate employment and households. Rather, the expectations
regarding employment and household locations from the two scenarios were used to
develop the inputs on built-form (or floorspace) that would normally be provided by PECAS’s
space development module. A full version of PECAS, with both the space development and
activity allocation models, would predict both the location of employment and households,
and the location of built-form, with policy variables (such as zoning regulations) as inputs.
A travel model, on the other hand, requires employment locations, household locations,
and built-form as inputs. In this work, a middle road was taken, with built-form as an input,
while employment and household locations are determined by the activity allocation model
and thus output floorspace varied from input floorspace.
Zone-to-zone travel times and costs (generalized transportation costs or logsums) for
all modes by trip purpose were obtained from the regional activity-based travel model
(SACSIM) and were consistent with input floorspace for each scenario. Zone-to-zone
travel times and costs were aggregated to PECAS zones using an approach that weighted
values by trip frequency. Total economic growth by activity category was assumed to
remain constant for both scenarios simulated with the PECAS AA model. Zone-to-zone
travel times, but not distance traveled, were held constant in the transportation costs.
As a result, travel costs may be underestimated somewhat if the land use changes in
the scenarios increased congestion or overestimated is the land use changes reduced
congestion. However, given the relatively small changes simulated in the scenarios the
magnitude of this possible error is likely very small and not likely to change the order of
magnitude and direction of change in the simulated results.
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Scenarios were constructed in which all jurisdictions conform to the PRB with the exception
of one jurisdiction. This jurisdiction follows the BAU development plan instead of the
PRB. Four jurisdictions were selected for non-conformed to allow for the evaluation of
the following changes pattern of regional development: (1) household and employment
centralize, (2) housing and employment decentralize, (3) housing decentralizes and
employment centralizes, and (4) housing centralizes and employment decentralizes.
These four scenarios are described in table 2.
Table 2.

Jurisdictional Scenario Type Descriptions
Employment
Centralize

Decentralize

Centralize

BAU: Lincoln
PRB: All other jurisdictions

BAU: El Dorado
PRB: All other jurisdictions

Decentralize

BAU: Yuba County
PRB: All other jurisdictions

BAU: City of Sacramento
PRB: All other jurisdictions

Housing

The changes in housing and employment land uses for the typical jurisdictional scenarios
are shown in figure 6. These are consistent with the category definitions in table 1:
• In the Lincoln scenario there is a decrease in housing and a decrease in employment in
an outlying jurisdiction that results in a centralization for housing and a centralization
for employment;
• In the Sacramento City scenario there is a decrease in housing and a decrease in
employment in a centrally-located jurisdiction that results in a decentralization for
housing and a decentralization for employment;
• In the Yuba County scenario there is an increase in housing and a decrease in
employment in an outlying jurisdiction that results in a decentralization for housing
and a centralization for employment; and
• In the El Dorado scenario there is a decrease in housing and an increase in
employment in an outlying jurisdiction that results in a centralization for housing and
a decentralization for employment.
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Figure 6. Household and Employment Changes in Jurisdictional Scenarios
The number of jurisdictions in the Sacramento region is 29, which is not large enough to
generalize trends in equity and economic effects of non-conformity with the PRB within
each of the four regional development types described above. In the second phase of
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this study, 150 non-compliance scenarios are developed in which randomly assigned
jurisdictions develop 5%, 10%, 15% or 20% according to BAU. The larger number of cases
in this study will allow for statistical analysis of likely equity and economic effects due to
differences in jurisdictional non-conformity.
In each of the four scenarios, the total amount of industrial floorspace by sector and
number of total housing units in the region were held constant at the levels established
for the PRB scenario. However, the number of housing units by type (i.e., single-family
and multi-family) were allowed to vary based on demand. The change in land use in each
jurisdiction implementing the BAU scenario is allocated to zones representing the remaining
jurisdiction. The allocation is weighted by relative share of zonal housing units and industry
by sector in the PRB plan. As a result, zones with the more total land use supply obtain a
larger share of the change in supply resulting from the implementation of the BAU plan in
the jurisdiction. Simulations were conducted for different jurisdiction scenarios, each one
with a different single jurisdiction switching from the PRB plan to the BAU plan.
Two scenarios were also simulated to investigate the impacts of regional housing needs
allocation (RHNA) development patterns. The first scenario increased the amount of
rented multi-family dwelling units in zones through which the region’s light rail passes
by 1%. The second scenario increased the amount of rented multi-family dwelling units
in zones with high employment levels by 1% in order to simulate a jobs-housing balance
policy. As with the jurisdictional scenarios, the total number of housing units in the region
was held constant and the increase in rented multi-family housing units in the RHNA zones
was subtracted from the non-RHNA zones using weighting approach described above.
However, unlike the jurisdictional scenarios, the number of housing units by type was not
allowed to vary based on demand.
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IV. RESULTS
JURISDICTIONAL SCENARIOS
In the Lincoln scenario, housing and employment largely shift from the outlying Lincoln
jurisdiction to more centrally located jurisdictions. Regionally, the number of lower-cost
multi-family units increases somewhat relative to the PRB scenario (see table 3). In Lincoln,
single-family units decrease by a larger share than multi-family units. As a result, rents
decline in Lincoln, despite the decline in total housing units, and throughout the region
(see table 4). Residents in Lincoln experience longer commute distances and thus costs
due to the exodus of employment from the jurisdiction (10.3%). On average, however, the
cost of living appears to decline and wages are reduced somewhat in both Lincoln and the
region. The relative magnitude of the reduction in rents offsets the increase in travel costs
for Lincoln residents.
The Lincoln scenario produces a net increase in consumer surplus relative to the PRB
scenario for both Lincoln and the region (see table 5). However, the average consumer
surplus for a resident in Lincoln is two orders of magnitude lower than experienced, on
average, by residents region-wide. In general, residents in the urban jurisdictions gain higher
average consumer surplus than rural residents and some rural areas even experience an
average loss. Average rents are typically lower in rural areas, but urban areas benefit more
from greater access to jobs, goods, and services.
In Lincoln, several low-income groups see an average loss in consumer surplus benefits.
For these residents, savings in rent are offset by higher commute costs and lower wages.
On average, residents of all income groups in jurisdictions outside of Lincoln benefit from
this scenario. The average absolute benefit for residents in the highest income group are
lower than other income groups because they are more sensitive to change in wages and
experience minimal savings in rent.
In the Sacramento City scenario, employment and housing move out of the city and relocate
largely in outlying areas of the region. Regionally, the number of higher-cost single-family
housing units increases somewhat relative to the PRB scenario. In the city, single-family
units decrease by a smaller share than multi-family housing. On average, rents increase
by about 6% in the city and by less than 1% in the average outside of the city. Region-wide
rents increase by 2.5%. Commute costs increase, on average, by about 1% in the city and,
region-wide, by almost 2%.
Higher rents and commute costs increase the cost of living in the region, and wages rise
overall as a result. However, the increased wages are not large enough to offset higher
rents and travel costs and there are losses in consumer surplus, on average, throughout
the region. Further, the highest income classes experience the lowest absolute losses of
all the income groups because they benefit more from increased wages, experience lower
rents, and travel costs occupy a smaller portion of their total budgets.
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Table 3.

Percentage Change in Dwelling Units by Type for Jurisdiction Reverting
to BAU Land Use and Region by Scenario Type
Dwelling Units (%)

Employment
Centralize
Lincoln

Centralize

Housing

Decentralize

Region

Decentralize
El Dorado

Region

Luxury Single-Family

-20.7

-0.1

-11.9

-0.2

Single-Family

-24.3

0.0

-15.0

-0.2

Owned Multi-Family

-15.0

0.2

-8.9

1.1

Rented Multi-Family

-15.9

0.3

-8.3

1.2

Total

-22.1

0.0

-13.5

0.0

Yuba

Region

Sacramento

Region

Luxury Single-Family

6.4

0.1

-8.7

2.0

Single-Family

0.9

0.0

-12.6

0.5

Owned Multi-Family

2.0

0.0

-22.1

-4.0

Rented Multi-Family

-0.2

-0.1

-22.7

-5.3

2.0

0.0

-14.5

0.0

Total
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Table 4.

Percentage Change in Average Rent by Income Group, Commute Costs,
and Wages for Jurisdiction Reverting to BAU Land Use, the Average
Outside Jurisdiction and the Region by Scenario Type
Employment

Average % Change

Centralize

Housing
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Centralize

Decentralize

Lincoln

Outside

Region

Rent >10K

-2.1

0.0

-0.1

1.0

-0.8

-0.8

Rent 10 – 19K

-2.7

0.0

-0.1

-0.1

-0.7

-0.8

Rent 20 – 39K

-2.2

0.0

-0.1

0.3

-0.8

-0.9

Rent 40 – 49K

-1.8

-0.1

-0.1

0.6

-0.7

-0.8

Rent 50 – 199K

-1.0

-0.1

-0.1

0.9

-0.6

-0.7

Rent 100 – 199K

0.0

0.0

0.0

0.9

-0.2

0.0

Rent 200K+

-0.6

0.0

0.0

0.3

-0.1

0.0

Total Rent

-1.6

0.0

-0.1

0.7

-0.5

-0.7

Commute Costs

10.3

-0.3

-0.2

0.4

0.9

0.5

Wages

-0.1

0.0

0.0

0.9

0.0

0.0

Yuba

Outside

Rent >10K

-9.9

0.4

0.0

6.4

1.3

2.7

Rent 10 – 19K

-8.9

0.3

0.1

6.0

1.0

2.5

Rent 20 – 39K

-8.9

0.4

0.1

6.7

1.7

3.3

Rent 40 – 49K

-8.0

0.3

0.1

6.7

1.7

3.3

-5.5

0.3

0.1

6.5

1.2

2.8

Rent 100 – 199K

-3.1

0.1

0.0

1.0

0.2

0.3

Rent 200K+

-2.8

0.1

0.0

-0.2

-0.1

-0.3

Total Rent

-6.6

0.3

0.1

6.4

0.8

2.5

Commute Costs

11.0

0.0

0.2

0.9

1.1

2.0

0.4

0.0

0.0

0.4

0.0

0.2

Decentralize Rent 50 – 199K

Wages

El Dorado

Outside

Region Sacramento Outside
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Table 5.

Changes in Average Total Consumer Surplus (1000s of year-2000 $) and
Consumer Surplus by Income Group for Jurisdiction Reverting to BAU
Land Use, the Average Outside Jurisdiction and the Region by Scenario
Type
Employment

Year-2000 $
Centralize
Lincoln
>10K

Region

El Dorado

Outside

Region

89

89

-208

61

-130

10 – 19K

-2

152

151

-389

94

-265

20 – 39K

-3

392

391

-186

176

5

40 – 49K

-1

162

162

-141

64

-66

50 – 100K

2

219

222

-554

93

-420

100 – 200K

10

189

198

-670

83

-541

200K+

4

62

66

-224

17

-192

Total

2

226

228

-442

102

-285

Yuba

Outside

>10K

-4

-39

10 – 19K

-7

20 – 39K
Decentralize 40 – 49K

Centralize

Housing

0.04

Outside

Decentralize

Sacramento

Outside

Region

-43

-204

-158

-347

-68

-75

-419

-280

-670

-10

-124

-134

-394

-596

-971

-4

-56

-59

-195

-241

-425

50 – 100K

-5

-84

-88

-451

-296

-720

100 – 200K

-1

-84

-85

-410

-175

-561

-23

-22

-115

-33

-141

-84

-88

-380

-312

-675

200K+
Total

0.08
-5

Region

In the Yuba County scenario, housing moves to outlying Yuba County from more centrally
located jurisdictions and employment moves in the other direction. In Yuba County, the
supply of rented multi-family units decreases somewhat and all other housing units
increase. The largest changes are increased luxury single-family housing (6.4%) and
owned multi-family housing (2.0%). At the regional level, the supply of these housing types
increases somewhat and the supply of single-family dwelling units and rented multi-family
units decline somewhat. The average resident in Yuba sees significant declines in average
rents (about 7%) and increases in commute costs (11%). However, average rents and
commute costs increase somewhat outside of Yuba and regionally. Yuba residents are
able to trade high travel costs for lower rents in larger homes. Wages increase somewhat

Mineta Tra n s p o rt a t io n I n s t it u t e

IV. Results

27

regionally to cover higher rents and commute costs. Wage increases are an order of
magnitude greater in Yuba. This is due to the influx of higher income residents who have
a preference for luxury homes.
Changes in rents, wages and travel costs result in an average loss in consumer surplus
for the region and for Yuba. However, on average, jurisdictions outside of Yuba experience
losses that are an order of magnitude greater than those experienced in Yuba. Increased
costs to access jobs, goods and services offset savings in rents in Yuba for all income
groups, with the exception of the highest income group, which experiences a small gain.
Outside of Yuba, all income classes experience a net loss; however, the absolute loss for
the highest income group is lowest because of the increased supply of preferred luxury
dwellings, a greater benefit from higher wages than other income groups, and commute
costs being a smaller share of their total income.
In the El Dorado scenario, employment shifts from more centralized jurisdictions to
outlying El Dorado and housing shifts from El Dorado to more centralized jurisdictions.
The share of lower-cost multi-family housing units increases in this scenario by about
1% regionally. In El Dorado, the decline in single-family units is larger than multi-family
units. On average, rents are inversely related to supply changes both in El Dorado and
outside jurisdictions. Because of the greater separation between home and work in this
scenario, commute costs increase in El Dorado and in outside jurisdictions. Average
wages increase somewhat throughout the region and more significantly in El Dorado.
The higher rents and travel costs in El Dorado are not offset by increased wages and the
jurisdiction experiences a net loss in consumer surplus. However, on average, outside
jurisdictions see an increase in consumer surplus due to savings in rent that more than
offset somewhat higher commute costs and somewhat lower wages. At the regional level,
the large consumer surplus losses in El Dorado offset the gains in the other jurisdictions
producing a net loss. In El Dorado, the income groups within the $20,000 to $50,000
range experience relatively lower absolute losses compared to other income groups and
on average, outside of El Dorado, the $20,000 to $40,000 income group benefits more
than the other income groups. It appears that the relatively larger supply of lower-cost
multi-family housing benefits these groups the most.

RHNA SCENARIOS
In the light rail scenario, rented multi-family dwelling units are moved to zones through
which the region’s light rail line passes. The increase in rented multi-family housing in light
rail jurisdictions meant a decrease in multi-family housing for the remainder of the region.
Residents of the light rail jurisdictions see a decrease in average rents as owned and
rented multi-family dwelling units become more common; this average decrease results
from decreased rent for residents earning less than $100,000 and increased rents for
higher income groups who do not benefit from the increased supply of low-cost housing. In
jurisdictions that are not near the light rail line, residents see an average increase in rents
as the supply of owned and rented multi-family dwelling units is reduced; as in the light
rail jurisdictions, rents for residents earning above $100,000 oppose this trend. Commute
costs increase slightly in these jurisdictions, possibly due to high-income workers trading
longer commutes for lower rents.
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In the high jobs-housing scenario, rented multi-family housing is reallocated to zones in key
regional employment center. The increased supply of this housing type decreases average
rents. This decrease is a result of reduced rents for those earning under $100,000, while
higher income groups (who prefer single-family dwelling units) face higher living costs.
Residents see a slight reduction in average commute costs, which is the result of low-to
middle-income workers being better able to afford living closer to their job. High-income
worker groups, on the other hand (such as managers, professionals, and non-retail sales
workers) faces longer commutes after the housing shift because, due to rent increases for
high-income groups in the employment centers, they are less likely to live near their job.
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V. CONCLUSIONS
The context of this study is the considerable uncertainty about whether local governments
will actually implement land use plans included in SCSs that are developed by regional
governments and are considered necessary to achieve GHG targets under SB375 and
AB32. As previously discussed, regional governments are required to develop SCSs
but local governments have the power to implement land use plans in the SCS for their
jurisdiction. SB375 relies upon democratic participatory planning processes and relatively
small financial and regulatory incentives to encourage implementation. As a result, there is
a strong possibility that some local governments will not, in fact, implement the SCS land
use plans for their jurisdiction.
The current study was conducted to understand what the economic and equity consequences
might be to jurisdictions that do and do not implement SCS land use plans in a region.
The results of the study provided insights into the potential pitfalls of jurisdictional nonconformity and thus suggest a number of strategies for more effective implementation of
SB375.
1. In the development of SCSs that increase the centralization of activities in a region,
care should be taken to understand the particular needs of rural and low income
residents. If plausible inequities are identified, then creative policy instruments
should be developed to redress these inequities, without further encouraging
decentralizing.
2. The potential risk of economic losses to communities that continue business-asusual development patterns, as illustrated in the scenarios in which employment
and/or household decentralized, should be explicitly addressed in the development
and communication of SCSs. These include higher costs for business operations,
which may diminish regions’ ability to compete economically with other regions both
nationally and internationally.
3. The possibility that non-conforming jurisdictions may benefit at the expense of other
jurisdictions and the overall regional economy, as the Yuba scenario illustrated,
suggests that the distribution of jurisdictional benefits should be explicitly examined
and addressed in the development of SCSs.
4. The actual implementation of SB375 by local jurisdictions should be carefully
monitored. If non-conformity becomes a significant problem, then the California
legislature should consider amending SB375 to include strong sanctions for noncompliance.
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ABBREVIATIONS AND ACRONYMS
AA

Activity Allocation

AB32

California Assembly Bill 32 Global Warming Solutions Act

BAU

Business As Usual

ED Module

Economic Demographic Aggregate Forecasting Model

EPA

Environmental Protection Agency

FHWA

Federal Highway Administration

GHG

Greenhouse Gas Emissions

LUSTRE

Land Use, Strategic Transport and Regional Economy

LUZ

Land Use Zones

MTI

Mineta Transportation Institute

PECAS

Production, Exchange and Consumption Allocation
(Sacramento spatial economic model)

PRB

Preferred Blueprint Plan

PUMS

Public Use Microsample

SACOG

Sacramento Area Council of Governments

SACSIM

Sacramento Activity-Based Travel Model

SB375

California Senate Bill 375

SCS

Sustainable Community Strategy

SD Module

Space Development Module

STEP

An early activity-based model used to evaluate the distributional effects of auto pricing policies in the major regions
of California.

TAZs

Transport Zones

TR Model

Transport Model

ULTRANS

Urban Land Use and Transportation Center

Min e ta Tra n s p o rt a t io n I n s t it u t e

32

Abbreviations and Acronyms

Mineta Tra n s p o rt a t io n I n s t it u t e

33

ENDNOTES
1. Caroline J. Rodier and Robert A. Johnston, “Travel, Emissions and Consumer Welfare
Effects of Travel Demand Management Measures,” Transportation Research Record
1598, 1997; Caroline J. Rodier, Robert A. Johnston and David Shabazian, “Evaluation
of Advanced Transit Alternatives Using Consumer Welfare,” Transportation Research
C6(1998): 141–156.
2. Peter Nelson, Kenneth Gillingham and Elena Safirova,Revving up the Tax Engine: Gas
Taxes and the DC Metro Area’s Transportation Dilemma,Washington, DC: Resources
for the Future, 2003.
3. Elizabeth Deakin and Greig Harvey,Transportation Pricing Strategies for California:
An Assessment of Congestion, Emissions, Energy, and Equity Impacts, Prepared for
California Air Resources Board Contract No. 92-316, Sacramento, CA, 1996.
4. Joe Castiglione, Rachel Hiatt, Tilly Chang and Billy Charlton, “Application of Travel
Demand Microsimulation Model and Equity Analysis,” Transportation Research
Record 1977, 2006.
5. Ibid.
6. Caroline J. Rodier, Robert A. Johnston, and John E. Abraham, “Heuristic Policy Analysis
of Regional Land Use, Transit, and Travel Pricing Scenario Using Two Urban Models,”
Transportation Research D7(2002): 243–254; Robert A. Johnston, Shengyi Gao and
Michael Clay, “Modeling Long-Range Transportation and Land Use Scenarios for the
Sacramento Region, Using Citizen-Generated Policies.” Transportation Research
Record1981, 2005.
7. Elena Safirova, Sebastien Houde and Winston Harrington, Marginal Social Cost
Pricing on a Transportation Network: A Comparison of Second-Best Policies,
Washington DC: Resources for the Future, 2007; Elena Safirova, Sebastien Houde
and Winston Harrington, Spatial Development and Energy Consumption. Washington,
DC: Resources for the Future, 2007.
8. MVA, Wider Economic Impacts of Transport Interventions: Final Report ,London,
Department of Transportation, 2006.
9. Kari Lautso, Klaus Spiekermann, Michael Wegener, Ian Sheppard, Philip Steadman,
Angelo Martino, Roberto Domingo and Sylvie Gayda. PROPOLIS: Planning
and Research of Policies for Land Use and Transport for Increasing Urban
Sustainability. Helsinki: LT Consultants, 2004; BCI, AUEB, ITS, JRC IPTS, KULSADL, LT,Spiekermann Novem, and Stratec, Wegener, TIS, TRL, TRT, TTR and UPM
Scenarios for the Transport System and Energy Supply and Their Potential Effects:
STEPs Work Package 4 Scenario Impacts: Deliverable 4.2, 2006.

Min e ta Tra n s p o rt a t io n I n s t it u t e

Endnotes

34

10. Karen Lucas, Greg Marsden, Michael Brooks and Mary Kimble,“ Assessment of
Capabilities for Examining Long-Term Social Sustainability of Transport and Land Use
Strategies,” Transportation Research Record 2013, 2007.
11. Caroline J. Rodier, John E. Abraham, Brenda Dix and John D, Hunt, “Equity Analysis
of Land Use and Transportation Plans Using an Integrated Spatial Model,” Paper
presented at the 2010Annual Meeting of the Transportation Research Board,
Washington, DC, 2010.
12. Daniel Felsenstein, Eyal Ashbel and Adi Ben-Nun, “Microsimulation of Metropolitan
Employment Deconcentration: Application of the UrbanSim Model in the Tel Aviv
Region,” Modeling Land Use Change: Progress and Applications, edited by E. Koomen,
J. Stillwell, A. Bakema, and H. Schloten, 199–218. Dordrecht, The Netherlands:
Springer, 2007; Eyal Ashbel, Hester Biemans, Daniel Felsenstein and Marianne
Kuijpers, “Quality of Life Effects Associated with Employment Sprawl: Applications of
the UrbanSim Microsimulation Model.” Paper presented at the Computers in Urban
Planning and Urban Management Annual Meeting, London, 2005.
13. John E. Abraham and John D. Hunt, “Random Utility Location, Production, and
Exchange Choice; Additive Logit Model; and Spatial Choice Microsimulations,”
Transportation Research Record 2003, 2007.
14. John D. Hunt and John E. Abraham, “Design and implementation of PECAS:
A generalized system for the allocation of economic production, exchange and
consumption quantities,” in Foundations of Integrated Land-Use And Transportation
Models: Assumptions and New Conceptual Frameworks, edited by M. E. H. LeeGosselin and S. T. Doherty, 253–274. St Louis, MO: Elsevier, 2005.
15. John E. Abraham, Gordon R. Gary, and John D. Hunt, “The Sacramento PECAS
Model,” Paper presented at the 2005 Transportation Research Board Annual Meeting,
Washington, DC, 2005.
16. Abraham and Hunt, 2007.
17. Abraham et al.,2005.
18. Ibid.
19. Ibid.

Mineta Tra n s p o rt a t io n I n s t it u t e

35

BIBLIOGRAPHY
Abraham, John E., Gordon R. Gary and John D. Hunt. “The Sacramento PECAS Model.”
Paper presented at the 2005 Transportation Research Board Annual Meeting.
Washington DC, 2005.
Abraham, John E. and John D. Hunt. “Random Utility Location, Production, and
Exchange Choice; Additive Logit Model; and Spatial Choice Microsimulations.”
Transportation Research Record 2003, 2007.
Ashbel Eyal, Hester Biemans, Daniel Felsenstein and Marianne Kuijpers. “Quality of
Life Effects Associated with Employment Sprawl: Applications of the UrbanSim
Microsimulation Model.” Paper presented at the Computers in Urban Planning and
Urban Management Annual Meeting, London, 2005.
BCI, AUEB, ITS, JRC IPTS, KUL-SADL, LT, Novem, Spiekermann and Wegener, Stratec,
TIS, TRL, TRT, TTR and UPM. Scenarios for the Transport System and Energy
Supply and Their Potential Effects: STEPs.Work Package 4 Scenario Impacts:
Deliverable 4.2, 2006.
Castiglione, Joe, Rachel Hiatt, Tilly Chang and Billy Charlton. “Application of Travel
Demand Microsimulation Model and Equity Analysis.” Transportation Research
Record 1977, 2006.
Deakin, Elizabeth and Greig Harvey. Transportation Pricing Strategies for California:
AnAssessment of Congestion, Emissions, Energy, and Equity Impacts. Prepared
for California Air Resources Board Contract No. 92-316, Sacramento, CA, 1996.
Felsenstein, Daniel, Eyal Ashbel and Adi Ben-Nun. “Microsimulation of Metropolitan
Employment Deconcentration: Application of the UrbanSim Model in the Tel Aviv
Region.” Modelling Land Use Change: Progress and Applications, edited by E.
Koomen E., Stillwell J., Bakema A. and Schloten H., 199-218. Dordrecht, The
Netherlands: Springer, 2007.
Hunt, John D. and John E. Abraham. “Design and implementation of PECAS: A
generalized system for the allocation of economic production, exchange
and consumption quantities.” In Foundations of Integrated Land-Use And
Transportation Models: Assumptions and New Conceptual Frameworks, edited by
M. E. H. Lee-Gosselin and S. T. Doherty, 253-274. St Louis, MO: Elsevier, 2005.
Johnston, Robert A., Shengyi Gao and Michael Clay. “Modeling Long-Range
Transportation and Land Use Scenarios for the Sacramento Region, Using
Citizen-Generated Policies.” Transportation Research Record1981, 2005.

Min e ta Tra n s p o rt a t io n I n s t it u t e

36

Bibliography

Lautso, Kari, Klaus Spiekermann, Michael Wegener, Ian Sheppard, Philip Steadman,
Angelo Martino, Roberto Domingo andSylvie Gayda.PROPOLIS: Planning
and Research of Policies for Land Use and Transport for Increasing Urban
Sustainability. Helsinki: LT Consultants, 2004.
Lucas, Karen, Greg Marsden, Michael Brooks and Mary Kimble. “Assessment of
Capabilities for Examining Long-Term Social Sustainability of transport and Land
Use Strategies.” Transportation Research Record 2013, 2007.
MVA. Wider Economic Impacts of Transport Interventions: Final Report.
London,Department of Transportation, 2006.
Nelson, Peter, Kenneth Gillingham and Elena Safirova. Revving up the Tax Engine:
Gas Taxes and the DC Metro Area’s Transportation Dilemma. Washington DC:
Resources for the Future, 2003.
Rodier, Caroline, John E. Abraham, Brenda Dix and John D. Hunt. “Equity Analysis of
Land Use and Transportation Plans Using an Integrated Spatial Model.” Paper
presented at the 2010Annual Meeting of the Transportation Research Board,
Washington DC, 2010.
Rodier, Caroline J. and Robert A. Johnston. “Travel, Emissions, and Consumer Welfare
Effects of Travel Demand Management Measures.” Transportation Research
Record 1598, 1997.
Rodier, Caroline J., Robert A. Johnston and David Shabazian. “Evaluation of Advanced
Transit Alternatives Using Consumer Welfare.” Transportation Research
C6(1998): 141-156.
Rodier, Caroline J., Robert A. Johnston and John E. Abraham. “Heuristic Policy Analysis
of Regional Land Use, Transit, and Travel Pricing Scenario Using Two Urban
Models. Transportation Research D7(2002):243-254.
Safirova, Elena, Sebastien Houde and Winston Harrington. Marginal Social Cost Pricing
on a Transportation Network: A Comparison of Second-Best Policies. Washington
DC: Resources for the Future, 2007.
Safirova, Elena, Sebastien Houde and Winston Harrington. Spatial Development and
Energy Consumption. Washington, DC: Resources for the Future, 2007.

Mineta Tra n s p o rt a t io n I n s t it u t e

37

ABOUT THE AUTHORS
CAROLINE RODIER, PH.D.
Dr. Caroline Rodier is associate director of the Urban Land Use and Transportation
Center (ULTRANS) at the University of California, Davis. Her major areas of research
include transportation and environmental planning and policy analysis. She has extensive
experience applying land use and transportation demand models to evaluate the travel,
economic, equity and air quality effects of a wide range of transportation and land use
policies, including intelligent transportation systems technologies, high occupancy vehicle
lanes, transit improvements, road pricing, and land use control measures. Most recently,
she has applied the Sacramento PECAS model with the SACSIM model to evaluate the
equity, consumer surplus, and producer surplus of the Blueprint Plan for the Sacramento
region. Dr. Rodier has also provided extensive research support to the California Air
Resources Board in their development of the scoping plan for Assembly Bill 32, the Global
Warming Solutions Act, including an international review of the modeling evidence on the
effectiveness of transit, land use, and auto pricing strategies.

MARGOT SPILLER, M.S., M.C.P.
Margot Spiller works as a junior specialist at the Urban Land Use and Transportation
Center. She received her B.S. from Massachusetts Institute of Technology and M.S.
in transportation engineering and M.C.P in city planning from University of California,
Berkeley. She ultimately plans to work as a transportation engineer and planner. Her
research interests include the land use and transportation connection and emissions
reductions from the transportation sector. This is her first co-authored report.

JOHN E. ABRAHAM, PH.D.
Dr. John Abraham has been involved in computer simulations of transportation systems
since 1989, when he developed commercial software for pipeline simulations. In 1992 he
began to study urban systems, emphasizing models of the interaction between land use
and transportation. Dr. Abraham’s 1994 master’s thesis explored the locational choices of
multi-worker households in an urban setting by extending the state-of-the-art in behavioral
modeling techniques. His 2000 Ph.D. thesis investigated calibration and validation
processes for urban models.

JOHN DOUGLAS HUNT, PH.D.
Dr. John Douglas Hunt is a professor in Transportation Engineering and Planning in the
Civil Engineering Department at the University of Calgary. Dr. Hunt received his B.S. at
the University of Alberta in 1981 and his Ph.D. at Cambridge in 1988. Dr. Hunt’s research
interests include mathematical modeling of transportation-related aspects of human
behavior, with primary areas of focus in the interaction between transportation and land
use; stated response techniques for obtaining data for estimation of model parameters; and
automobile parking behavior and parking policy. His recent and on-going activities include:
developing a land use and transport model of Edmonton using the MEPLAN framework;
Min e ta Tra n s p o rt a t io n I n s t it u t e

38

About the Authors

participating in a study to compare land use and transport models of Sacramento based
on alternative modeling frameworks; advising two British Rail subsidiaries, Union Railways
and European Passenger Services, on the forecasting of the demand for international rail
services using the Channel Tunnel; conducting a study using stated response techniques
to measure and quantify Calgarians’ attitudes to elements of urban form, including mobility,
density, taxes and the environment; developing a model of mode and parking location
choice in Calgary using the EMME/2 framework; investigating methods of representing
the joint choice of workplace location, home location and travel mode to work using data
collected in Calgary. Dr. Hunt was the recipient of the departmental teaching excellence
award in 2002.

Mineta Tra n s p o rt a t io n I n s t it u t e

39

PEER REVIEW
San José State University, of the California State University system, and the MTI Board of
Trustees have agreed upon a peer review process required for all research published by
MTI. The purpose of the review process is to ensure that the results presented are based
upon a professionally acceptable research protocol.
Research projects begin with the approval of a scope of work by the sponsoring entities,
with in-process reviews by the MTI Research Director and the Research Associated Policy
Oversight Committee (RAPOC). Review of the draft research product is conducted by the
Research Committee of the Board of Trustees and may include invited critiques from other
professionals in the subject field. The review is based on the professional propriety of the
research methodology.

Min e ta Tra n s p o rt a t io n I n s t it u t e

40

Peer Review

Mineta Tra n s p o rt a t io n I n s t it u t e

MINETA TRANSPORTATION INSTITUTE

MTI FOUNDER
Hon. Norman Y. Mineta

The Norman Y. Mineta International Institute for Surface Transportation Policy Studies was established by Congress in the
Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA). The Institute’s Board of Trustees revised the name to Mineta
Transportation Institute (MTI) in 1996. Reauthorized in 1998, MTI was selected by the U.S. Department of Transportation
through a competitive process in 2002 as a national “Center of Excellence.” The Institute is funded by Congress through the
United States Department of Transportation’s Research and Innovative Technology Administration, the California Legislature
through the Department of Transportation (Caltrans), and by private grants and donations.
The Institute receives oversight from an internationally respected Board of Trustees whose members represent all major surface
transportation modes. MTI’s focus on policy and management resulted from a Board assessment of the industry’s unmet needs
and led directly to the choice of the San José State University College of Business as the Institute’s home. The Board provides
policy direction, assists with needs assessment, and connects the Institute and its programs with the international transportation
community.
MTI’s transportation policy work is centered on three primary responsibilities:
Research
MTI works to provide policy-oriented research for all levels of
government and the private sector to foster the development
of optimum surface transportation systems. Research areas include: transportation security; planning and policy development;
interrelationships among transportation, land use, and the
environment; transportation finance; and collaborative labormanagement relations. Certified Research Associates conduct
the research. Certification requires an advanced degree, generally a Ph.D., a record of academic publications, and professional references. Research projects culminate in a peer-reviewed
publication, available both in hardcopy and on TransWeb,
the MTI website (http://transweb.sjsu.edu).
Education
The educational goal of the Institute is to provide graduate-level education to students seeking a career in the development
and operation of surface transportation programs. MTI, through
San José State University, offers an AACSB-accredited Master of
Science in Transportation Management and a graduate Certificate in Transportation Management that serve to prepare the nation’s transportation managers for the 21st century. The master’s
degree is the highest conferred by the California State University system. With the active assistance of the California

Department of Transportation, MTI delivers its classes over
a state-of-the-art videoconference network throughout
the state of California and via webcasting beyond, allowing
working transportation professionals to pursue an advanced
degree regardless of their location. To meet the needs of
employers seeking a diverse workforce, MTI’s education
program promotes enrollment to under-represented groups.

MTI BOARD OF TRUSTEES
Honorary Chairman
John L. Mica (Ex-Officio)
Chair
House Transportation and
Infrastructure Committee
House of Representatives

Honorary Co-Chair, Honorable
Nick Rahall (Ex-Officio)

Chief Executive Officer
Amtrak

Camph, Donald H. (TE 2012)
President
California Institute for Technology
Exchange

Vice Chairman
House Transportation and
Infrastructure Committee
House of Representatives

Canby, Anne P. (TE 2011)

Chair, Mortimer Downey
(TE 2013)

Executive Director/CEO
Conference of Minority
Transportation Officials

Senior Advisor
PB Consult Inc.

Vice Chair, Steve Heminger
(TE 2013)
Executive Director
Metropolitan Transportation
Commission

Executive Director
Rod Diridon* (TE 2011)

Mineta Transportation Institute

Barron, Thomas E. (TE 2013)

Information and Technology Transfer
MTI promotes the availability of completed research to
professional organizations and journals and works to
integrate the research findings into the graduate education
program. In addition to publishing the studies, the Institute
also sponsors symposia to disseminate research results
to transportation professionals and encourages Research
Associates to present their findings at conferences. The
World in Motion, MTI’s quarterly newsletter, covers
innovation in the Institute’s research and education programs. MTI’s extensive collection of transportation-related
publications is integrated into San José State University’s
world-class Martin Luther King, Jr. Library.

Boardman, Joseph (Ex-Officio)

President
Parsons Transportation Group

Barron de Angoiti, Ignacio
(Ex-Officio)

Director Passenger and High Speed
Department
International Union of Railways
(UIC)

Directors
Hon. Rod Diridon, Sr.

President
Surface Transportation Policy Project

Cunningham, Julie (TE 2013)

Dorey, William (TE 2012)
President/CEO
Granite Construction Inc.

Dougherty, Malcolm
(Ex-Officio)

Acting Director
California Department of
Transportation

Fernandez, Nuria I. (TE 2013)
Senior Vice President
Major Programs Group CHRMHill

Guilbault, Rose (TE 2012)

Vice President
American Automobile Association

Hamberger, Ed (Ex-Officio)

Horsley, John
(Ex-Officio)*

Executive Director
American Association of State
Highway and Transportation Officials
(AASHTO)

Kempton, Will (TE 2012)

CEO
Orange County Transportation
Authority

Turney, David L.* (TE 2012)
Chairman, President & CEO
Digital Recorders, Inc.

Wytkind, Edward (Ex-Officio)
President
Transportation Trades Department,
AFL-CIO

Millar, William* (Ex-Officio)
President
American Public Transportation
Association (APTA)

Mineta, Norman Y. (Ex-Officio)
Vice Chairman
Hill & Knowlton
Secretary of Transportation (ret.)

Pinson, Stephanie L. (TE 2013)
President/COO
Gilbert Tweed Associates, Inc.

Steele, David (Ex-Officio)
Dean, College of Business
San José State University

Toliver, Paul* (TE 2013)
President
New Age Industries

Townes, Michael S. (TE 2011)

President/CEO (ret.)
Transportation District Commision of
Hampton Roads

Frances Edwards, Ph.D.
Political Science
San José State University

Research Director

Jan Botha, Ph.D.

Taeho Park, Ph.D.

Peter Haas, Ph.D.

Civil & Environmental Engineering
San José State University

Organization and Management
San José State University

Katherine Kao Cushing, Ph.D.

Diana Wu

Communications Director

Enviromental Science
San José State University

Martin Luther King, Jr. Library
San José State University

Brian Michael Jenkins

Dave Czerwinski, Ph.D.

Karen E. Philbrick, Ph.D.

Education Director

DISCLAIMER
The contents of this report reflect the views of the authors, who are responsible for the facts and accuracy of the information presented
herein. This document is disseminated under the sponsorship of the U.S. Department of Transportation, University Transportation Centers
Program and the California Department of Transportation, in the interest of information exchange. This report does not necessarily
reflect the official views or policies of the U.S. government, State of California, or the Mineta Transportation Institute, who assume no liability
for the contents or use thereof. This report does not constitute a standard specification, design standard, or regulation.

National Transportation Security Center

Asha Weinstein Agrawal, Ph.D.
National Transportation Finance Center

^
#

Honorary
Chair
Vice Chair
Past Chair

Research Associates Policy Oversight Committee
Urban and Regional Planning
San José State University

Donna Maurillo

*

President/CEO
Association of American Railroads

Asha Weinstein Agrawal, Ph.D.

Executive Director

**

Marketing and Decision Science
San José State University

MTI Potential Economic Consequences of Local Nonconformity to Regional Land Use and Transportation Plans

Funded by U.S. Department of
Transportation and California
Department of Transportation

Potential Economic Consequences
of Local Nonconformity to Regional
Land Use and Transportation Plans
Using a Spatial Economic Model

MTI Report 10-10

MTI Report 10-10

June 2011

